INTRODUCTION
Hearing is one of the noblest of senses since its main function is related to the acquisition and development of oral language 1, 2 . In this respect, hearing is a prerequisite for language acquisition and development 3 . Furthermore, hearing is essential for interpersonal relationships and relationships with the environment 2 . Therefore, hearing impairment during the first years of life of a child can interfere with the acquisition and development of speech and language [3] [4] [5] . Hearing impairment is considered to be highly disabling due to its consequences on human communication, as well as its impact on cognitive and psychosocial development and the development of oral and written language 6 . Auditory sensory deprivation interferes with the ability to interpret speech sounds and results in economic and educational disadvantages 2 . Any type of hearing loss can compromise language, learning, cognitive development and social inclusion of the child 7 , and it is therefore important that hearing impairment is detected as early as possible. Newborn hearing screening (NHS) continues to be the only strategy able to detect early hearing alterations that could interfere with the quality of life of an individual 5, 8 . The occurrence of malaria during pregnancy, particularly in the last trimester, can be determinant for infant health, with implications for fetal or neonatal development. The malaria parasites can easily cross the placental barrier or are transmitted through maternal-fetal transfusion 9 . A study demonstrated that pregnant women infected with Plasmodium falciparum present clinical and laboratory alterations, such as altered hemoglobin, hematocrit, creatinine, urea, bilirubin, and glucose. The neonatal complications observed included abortion, prematurity and low birth weight 10 . In Brazil, the occurrence of malaria during pregnancy is common in endemic areas such as the states of Roraima, Rondônia, Pará, Mato Grosso, Acre, and Amazonas
11
. The latest survey regarding the proportion of positive slides in pregnant women from the municipality of Porto Velho, Rondônia (RO), was performed in 2010 and revealed 331 cases of malaria in rural and urban areas, including 48 cases caused by P. falciparum, 280 cases caused by P. vivax and three cases of mixed malaria (P. falciparum + P. vivax) 12 
.
In the municipality of Porto Velho (RO) malaria in pregnancy has been shown to be related to poor perinatal outcomes such as preterm birth, extremely low, very low and low birth weight, and death 13 . In a study conducted in the same municipality, two newborns of mothers who had malaria and used antimalarial drugs in pregnancy were diagnosed with mild unilateral sensorineural hearing loss 14 .
In another study, 12 children born to mothers who had been treated with antimalarial drugs during pregnancy had sensorineural hearing loss. This hearing loss was irreversible in eight of these children, with seven presenting profound hearing loss. The treatment indicated for the mothers was chloroquine, chloroquine combined with quinine, and quinine combined with Fansidar. Antimalarial drugs can cause ototoxicity due to damage to the cochlea. Cochlear damage initially involves the outer hair cells, generally affecting high-frequency hearing. Tinnitus and vertigo are the most frequent symptoms associated with ototoxicity 15 . In view of the above considerations, the objective of the present study was to verify the prevalence of hearing loss in newborns of mothers who had malaria and treated with antimalarial drugs during pregnancy and to characterize the audiologic findings according to newborn gestational age, birth weight, risk factors for hearing loss, type of malaria infection, type of medication used, and gestational period of malaria occurrence and drug treatment. In addition, the hearing alterations were described according to the variables cited.
MATERIALS AND METHODS
A cross-sectional, quantitative, descriptive-analytical, observational study was conducted using a multifactorial approach. The study was approved by the Ethics Committee of Faculdade São Lucas (Permit Nº 147.583). The study was conducted at the maternity unit of a referral hospital for high-risk pregnancies in the capital of Rondô-nia. At this hospital, an NHS Program is provided by a private clinic accredited by the National Health System (Sistema Único de Saúde -SUS), where diagnosis and intervention are performed.
The data were collected between November 2012 and March 2013. All puerperal women received information about the objectives and methodology of the study and agreed to the procedures by signing the free informed consent form. The following eligibility criteria were established for formation of the sample: newborns of women who had malaria in pregnancy, newborns participating in the NHS Program, and newborns born or hospitalized in the maternity unit of the state referral hospital for high-risk pregnancies in Porto Velho (RO) whose mothers agreed to participate in the study by signing the free informed consent form. Excluded were infants born to mothers who were unable to report the occurrence and gestational period of malaria infection and infants born in other maternity units who were therefore not seen at the NHS service of the maternity unit where the study was conducted.
The number of women with malaria during pregnancy, who were admitted to the hospital during the period of data collection, was taken as the basis for sample size calculation. This number was 40. Adopting a level of significance of 95% and a sampling error of 6%, the estimated sample size was 35 newborns. It was not possible to include more subjects because the period scheduled was not sufficient to continue the process. The final sample consisted of 35 mothers who had malaria and used antimalarial drugs in pregnancy and their children.
The mean age of the mothers participating in the study was 23.1 years (range: 15 to 39 years). About 80% of the participants lived in the municipality of Porto Velho, 17.1% were from the State of Rondônia, and 2.9% from another state (Lábrea/AM). As for to educational level, 51.4% of the mothers had incomplete elementary school and 85.7% reported no occupation with a fixed monthly income. Fifteen of the newborns were girls and 20 were boys. The mean gestational age was 38-6/7 weeks (range: 30 to 41 weeks). The mean birth weight of the newborns was 3,194 g (range: 1,520 to 4,730 g).
A study flow chart elaborated by the researchers was used for data collection. Transient otoacoustic emissions (TOAE) and automated auditory brainstem responses (AABR) were measured with an Accuscreen instrument (Madsen). The diagnostic ABR test was performed with the Bio-logic Navigator Pro system. Disposable insert earphones and electrodes were used for the two instruments, as well as disposable gloves, gauze and 70% alcohol to clean the infant's face and for fixation of the electrodes. Subjects who needed to complete the diagnostic phase were referred to the clinic responsible for the NHS program.
The study flow chart contains data regarding infant gender, date of birth, type of malaria infection, gestational period of infection, type of medications used, and presence of risk factors for hearing loss established by the Joint Committee on Infant Hearing (JCIH) 16 and by the Multiprofessional Committee on Auditory Health (Comitê Multiprofissional em Saúde Auditiva -COMUSA) 17 . The results obtained during hearing screening and diagnostic evaluation were recorded on the study flow chart. Personal data for subsequent contact were also recorded in case it was necessary to schedule a day and time for a new assessment during both the screening and diagnostic evaluation phases.
The puerperal women were contacted by the researcher while still in the maternity ward in order to investigate the occurrence of malaria during pregnancy. Women who confirmed the presence of the disease were invited to participate in the study and received information about the objective and importance of the study and the procedures used. Mothers who agreed to participate in the study signed two copies of the free informed consent form, one was given to them and the other was kept by the responsible researcher.
After signing the informed consent, the interview was conducted with the puerperal participants. When necessary, the records of the women and their newborns were accessed to complement the information if the mother could not answer the question or was in doubt.
The tests were performed in a quiet room in the presence of the mother or an accompanying person. For electrophysiological assessment of hearing, the infants remained lying in the crib or on the mother's lap during natural non-sedated sleep.
First, the TOAE test was performed. For this test, a probe microphone with a latex bulb was introduced into the external auditory canal of the newborn and emissions were evoked with a broadband click at an intensity of 80 dB SPL. Infants presenting normal outer hair cell function obtained a "pass" result, which occurs automatically.
The second test was the AABR. For this test, the skin in the areas of electrode placement (high forehead and mastoids) was cleaned to permit adequate impedance. Insert earphones were used for sound stimulation. The infant received a "pass" result if he achieved normal results at least in the AABR. Infants who failed the test were directly referred for diagnostic evaluation, a procedure adopted by the program to prevent abandonment by the mothers, in addition to the fact that ABR is not affected by vernix which would justify retesting within 15 days.
The step of diagnostic evaluation was performed at the clinic responsible for the NHS program after hospital discharge. Diagnostic evaluation consisted of tympanometry, diagnostic TOAE, diagnostic ABR, and an appointment with the otorhinolaryngologist. Tympanometry, which investigates tympano-ossicular system function, excluding possible middle ear alterations, was performed using a 1000-Hz probe tone since it is more sensitive in identifying these alterations in infants aged 0 to 4 months 18 . After this procedure, the diagnostic ABR test was performed to quantify and identify hearing impairment.
Newborns who have had the electrophysiological threshold for tone bursts at 2000 Hz with bilateral 30 dBHL were considered patients with normal hearing and remained in auditory monitoring the NHS program up to 24 months.
For data analysis, the distribution of the occurrence of the type of infection and of the gestational period when malaria occurred was first determined, followed by the determination of the distribution of the type of antimalarial medication used for treatment and the gestational period during which the medication was administered, using the test for equality of two proportions. The NHS results were correlated with birth weight and gestational age by analysis of variance (ANOVA). The frequency of risk factors for hearing loss was analyzed by the test for equality of two proportions and the NHS results were correlated with variables such as type of malaria infection, gestational period when malaria occurred, type of antimalarial agent and gestational period when it was used. Risk factors were analyzed by the chi-squared test in order to determine the relationship between the findings and the variables mentioned. A level of significance of 5% was adopted for all tests (p ≤ 0.05).
RESULTS
Plasmodium vivax was the most frequent species infecting women during pregnancy. The number of cases of P. vivax malaria was significantly higher than the number of cases of P. falciparum malaria. Infection occurred more frequently in the first trimester of gestation and this result was significant when compared to the third trimester ( Table 1) .
All women used antimalarial drugs during pregnancy. Chloroquine was the most frequently used drug. One of the women used two types of drugs during pregnancy. Antimalarial drug use was more frequent in the second trimester of gestation, but most participants reported use of the medication in more than one trimester (Table 2) .
Thirty-one (88.6%) of the newborns studied passed the NHS (TOAE and AABR) and four (11.4%) failed the test, with this difference being significant (p < 0.001). Two of the four infants that failed the NHS and that were referred to the clinic responsible for the program for further tests abandoned the program.
It was found that there is no relationship between the results of the NHS (pass/fail) with the variables weight of newborns at birth and gestational age ( Table 3) .
As for the risk factors for hearing loss found in association with the occurrence of malaria and the use of antimalarial drugs in pregnancy, the use of ototoxic medication by the newborn was the most frequent risk factor and this finding was significant when compared to the other risk factors, except for extracorporeal oxygenation (Table 4) .
No relationship was observed between the NHS result and type of medication, risk factors for hearing loss, gestational period of infection, use of medication, or type of malaria infection ( Table 5) .
The prevalence of hearing loss in our sample was 3% (n = 1), taking into account that two newborns did not undergo the audiological diagnosis. The audiologic findings of this newborn included the bilateral presence of TOAE; absence of waves I, III and V at 90 dB in the click ABR test accompanied by the presence of cochlear microphonism, and tympanometry revealed normal mobility of the tympano-ossicular system. The otorhinolaryngologist requested imaging exams to evaluate possible involvement of the central auditory pathway. The results of these exams indicated the presence of bilateral impairment of the retrocochlear auditory pathways, findings compatible with the spectrum of auditory neuropathy.
This infant was born at term (37 weeks), but was small for gestational age. In addition to the fact that the mother had malaria and made use of antimalarial drugs during pregnancy, the newborn was exposed to ototoxic medication (gentamicin) for 9 days and required exchange transfusion due to hyperbilirubinemia. The Plasmodium species contracted by the mother during the first trimester of gestation was the vivax type. Chloroquine was used as antimalarial drug throughout gestation. 
DISCUSSION
In the present study, Plasmodium vivax was the most frequent species found in women during pregnancy, as also reported in other studies 10, 13, [19] [20] [21] . The highest frequency of malaria was observed in the first trimester of gestation. This finding was statistically significant when compared to the occurrence of the disease in the third trimester. This result differs from that reported in another study 21 conducted in the same city, in which the distribution of malaria was homogenous across the three trimesters. This divergence may be explained by the difference in the period of data collection between the two studies, since the present study was conducted during the dry season (June to November), with the occurrence of malaria being related to climatic [22] [23] [24] and environmental factors and an increase in transmission being observed at the end of the rainy season 22 .
The antimalarial drug most frequently used was chloroquine as recommended by the Brazilian Ministry of Health for the treatment of vivax malaria in pregnancy 25 . The use of primaquine is contraindicated for the treatment of pregnant women, irrespective of the Plasmodium species involved and gestational period, and during the breast-feeding period until 6 months 25 . In contrast, the World Health Organization recommends the use of primaquine under medical supervision 26 . However, this indication has become rare as observed in the present study and other studies in which pregnant women had malaria during pregnancy and were treated with chloroquine 14, 27 . In a study conducted in Porto Velho (RO) on 66 newborns of mothers who used antimalarial drugs during pregnancy, three infants were born to mothers who were treated with primaquine and one was diagnosed 
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Staying in the NICU for more than 5 days 0
Use of ototoxic medication 2
Severe hyperbilirubinemia requiring exchange transfusion 1
Preterm birth or small for gestational age
Chi-squared test: level of significance p ≤ 0.05. NHS: newborn hearing screening; N: number of subjects; NICU: neonatal intensive care unit; RFHL: risk factor for hearing loss.
with unilateral profound hearing loss 21 . This infant had no associated risk factor for hearing loss, suggesting that the medication administered possibly caused or potentiated the occurrence of hearing impairment.
As for the gestational period during which the antimalarial drug was used, no difference was observed between trimesters. However, the frequency of antimalarial drug use was higher in the second trimester, although the frequency of malaria occurrence was higher in the first trimester of gestation. In the present study, the participants reported the use of antimalarial drugs in more than one trimester, as recommended by the Brazilian Ministry of Health that indicate chloroquine as chemoprophylaxis against P. vivax. The drug should be administered for 3 days (25 mg/total dose) or 5 mg/kg per week for 3 months (maximum dose of 300 mg) and continuation of treatment after this period may be necessary in some cases 25 .
In the present study, the number of "pass" results in NHS was higher than the number of "failed" results, in agreement with other studies conducted in the same municipality 14, 21 . Two of the four newborns who failed the screening test and who were referred to the clinic responsible for the program for diagnostic evaluation did not attend the assessment. Despite an attempt to perform an active search, as routinely done, the mothers could not be contacted by telephone.
The socioeconomic conditions of the families who participate in the NHS program and the lack of knowledge of the consequences of hearing loss are some factors that could explain the evasion in the population studied, considering that the results of the study showed a low educational level of the women who mainly had incomplete elementary school. Similar reasons for evasion of NHS programs have been reported in other studies [28] [29] [30] . In this respect, it is important for the mother to have a minimum educational level, financial resources and harmony in social and marital relationships to seek the best health measures for her child 31 .
No relationship was found between the NHS results and the variables weight at birth and gestational age, despite having knowledge that gestational malaria is related to very bad perinatal outcomes, including low birth weight 13 which could have enhanced the occurrence of hearing loss in newborns. The relationship between low birth weight and failed NHS and/or hearing loss has been shown in the literature 29, 30 . Authors said that the lower the birth weight, the greater the chances of failure in the NHS 32, 33 , which was not observed in this study. No relationship between the NHS results and gestational age agrees with evidenced by other researchers 29 .
The most frequent risk factor for hearing loss associated with malaria and antimalarial drug use in pregnancy was the use of ototoxic medication by the newborn, in agreement with other studies 21, 34 . Urinary tract infection is common among young women and is the most frequent complication during pregnancy 30 , especially among primiparous women 35 . The infant can be infected at the time of delivery, through hematogenic dissemination, or postpartum 36 . Once the infection is confirmed, antibiotic therapy is recommended 37 . The high level of bilirubin requiring blood transfusion was a risk factor for hearing loss in the infant diagnosed in the present study. Neonatal hyperbilirubinemia is toxic to the auditory pathways and central nervous system 29 and newborns submitted to exchange transfusion are considered to be at high risk for the development of auditory neuropathy 38 . Elevated serum levels of bilirubin are considered toxic to the auditory pathways and central nervous system 39 . In the latter, the yellow color is more intense in the subthalamic nucleus and globus pallidus and may be present in the hippocampus, geniculate bodies, vestibular, cochlear and oculomotor nuclei, cerebellum and spinal cord 40 . Hyperbilirubinemia is one of the risk factors for neonatal deafness and for the development of encephalopathies 39 , since high levels of bilirubin can damage the auditory system at the peripheral level by altering cochlear hair cells and at the central level in the cochlear, olivary and inferior olivary nuclei 41 . Other studies have demonstrated a close relationship between hearing impairment and hyperbilirubinemia 5, 39, 40 . In addition to blood transfusion, the infant was exposed to ototoxic medication (gentamicin) which can cause different degrees of damage, with cochlear hair cells damage being typical 42 . A close relationship between hearing impairment and use of ototoxic medication has been reported for newborns 30, 43, 44 . The prevalence of hearing loss obtained in this study was more than evident in research conducted at the same hospital 5 , and the value obtained could have been higher, since two newborns did not undergo the audiological diagnosis. The chance of these newborns have hearing loss is high, since the NHS was performed with use of combined technical (OAE and AABR), which reduces the chance of false positives. This result highlights the need to develop other studies with this population, but in larger samples.
In addition, it highlights the need for audiological follow these children in order to evaluate the occurrence of possible progressive alterations as demonstrated in another study which found 12 cases of hearing loss in children born to mothers who had malaria and used antimalarial drugs in pregnancy 15 .
The main limitation of the present study, which is common in studies involving populations recruited from NHS programs, is failure to attend a visit for diagnostic evaluation. Active search was necessary in various cases of the present sample, but contacting the participants was unsuccessful in two cases. In addition, the rapid discharge of the participants, which is a major obstacle of NHS programs, may have contributed to the small sample size. Even if NHS is performed daily, including weekends and holidays, the large number of births per day in the maternity unit where the study was conducted leads to early discharge and the consequent loss of some newborns.
CONCLUSION
The prevalence of hearing loss in newborns of mothers who had malaria and treated with antimalarial drugs during pregnancy was 3% (n = 1), the mothers' newborn diagnosed infected with Plasmodium vivax in the first trimester and treated with chloroquine throughout pregnancy. Audiological findings highlighted in this newborn indicate the presence of alteration in retrocochlear auditory pathways that are compatible with the auditory neuropathy spectrum.
In addition, it was observed that there is no relationship between the NHS findings with the variables weight of the newborn at birth, gestational age, type of medication, IRDA, pregnancy infection, medication use and infection type. The IRDA, concomitant with malaria and the use of antimalarial drugs during pregnancy, most common was the use of ototoxic medication by the newborn, but hyperbilirubinemia with exchange transfusion was one of the risk indicators found in newborns diagnosed with hearing loss.
